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Abstract  The  objective  of  the  paper  is  description,  application  and  veriﬁcation  of  the  real
option methodology  in  ﬁnancial  decision-making  of  the  internet  company  in  China.  There  is  the
real option  methodology  described.  Subsequently  ﬁnancial  characterisation  of  internet  Baidu
company  is  given.  Crucial  part  consists  in  calculation  of  the  company  value  under  several  sce-
narios and  real  option  alternatives.  We  conclude  that  generalised  real  option  methodology  isG11
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Introduction
Valuation  of  the  company  is  very  important  problem  in
ﬁnancial  decision  making.  One  of  the  well  developed
methodologies  is  a  real  option  approach.  The  internet
industry  and  Chinese  market  is  full  of  uncertainty  and
ﬂexibility.  The  objective  of  the  paper  is  description,  appli-
cation  and  veriﬁcation  of  the  real  option  methodology  in
ﬁnancial  decision-making  of  the  internet  company  Baidu  in
China.
 This article is part of a special issue entitled ‘‘Proceedings of
the 1st Czech-China Scientiﬁc Conference 2015’’.
∗ Corresponding author.
E-mail address: zdenek.zmeskal@vsb.cz (Z. Zmesˇkal).
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licenses/by-nc-nd/4.0/).aluation procedure of an  American real
ption
he  generalised  principle  of  valuation  is  called  the  martin-
ale  principle  see  e.g.  (Luenberger,  1998).  The  principle  is
eing  deﬁned  so  that  a  value  has  to  be  equal  to  the  expected
uture  value,  implying  the  random  process  is  without  trend.
n  the  case  of  the  risk  neutral  approach  this  category  is  ratio
f  random  value  and  risk-free  asset,  so  after  rearranging
t =  e−r·dt · E(Vt+dt),  (2.1)ere  Vt is  value,  r  is  risk-free  rate,  dt  is  time  interval,
(Vt+dt)  is  risk  neutral  expected  value.  We  can  gain  the
ame  result  for  complete  market  under  replication  valuation
trategy  or  arbitrage  principle.
icle under the CC BY-NC-ND license (http://creativecommons.org/
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search  engine  website.  And  then  with  the  development  of
technology  and  expansion  of  market  scale,  Baidu  extended6  
One  of  the  basic  approaches  of  derivatives  valuation
nder  complete  market  is  replication  strategy;  see  e.g.
Smith  and  Nau,  1995,  p.  795;  Amram  et  al.,  1999;  Barnett,
005;  Boer,  2002;  Brandao  and  Dyer,  2005;  Carlsson  and
uller,  2003;  Chevalie-Roignant  and  Trigeorgis,  2011;  Cox
t  al.,  1979; Cˇulík,  2004,  2006,  2008,  2010;  Damodaran,
001;  Dixit  and  Pindyck,  1994;  Dluhosˇová,  2004;  Driouchi
t  al.,  2012;  Guthrie,  2009;  Junyan  Guo,  2015;  Muzzioli  and
orricelli,  2004;  Shockley,  2007;  Smit  and  Trigeorgis,  2004;
riantis,  2001;  Trigeorgis  and  Schwartz,  2001;  Viebig  et  al.,
008;  Yoshida,  2002,  2003;  Zmesˇkal,  1999,  2001,  2005,  2006,
008,  2010a,b,  2011,  2012).  Having  derived  the  replication
trategy,  we  suppose  a  compact  (effective)  market,  asset-
earing  the  incomes  (dividends,  coupons,  etc.)  proportional
o  an  asset  price.  The  replication  strategy  is  based  on  cre-
tion  a  portfolio  from  underlying  asset  S  and  risk-free  asset
 so,  for  every  situation  the  derivative  value  is  to  be  repli-
ated;  it  means  a  derivative  value  equals  a  portfolio  value.
Portfolio  value  in  appraising  a  moment  t  is  ˘t ≡  a  ·  St +
t =  ft;  portfolio  value  in  a  moment  t  +  dt  for  growing  price
s  ˘t+dt ≡  a  · Sut+dt +  Bt ·  er·dt =  fut+dt;  the  portfolio  value  in
 moment  for  declining  price,  ˘t+dt ≡  a  · Sdt+dt +  Bt ·  er·dt =
d
t+dt;  where  ˘t is  portfolio  value,  S  is  underlying  asset  value,
 is  a  amount  of  underlying  asset,  B  is  risk-free  asset  value,
 is  derivative  value,  r  is  continuous  risk-free  rate,  u  (d)  are
ndexes  of  growth  (fall)  of  underlying  asset,  Sut+dt, S
d
t+dt are
heir  prices  in  up-movements  (down-movements).
By  solution  of  three  equations  for  variables  a,  B,  ft, we
an  get  a  general  formula  for  derivative  price,
t =  e−r·dt ·
{
fut+dt ·
[
er·dt ·  St −  Sdt+dt
Sut+dt −  Sdt+dt
]
+  fdt+dt ·
[
Sut+dt −  er·dt ·  St
Sut+dt −  Sdt+dt
]}
.  (2.2)
The  derivative  price  is  determined  as  a  present  value
f  expected  value  in  a  following  period.  This  is  the  gen-
ral  formula  for  European  derivative  price  valuation  by  the
eplication  strategy,  which  should  be  written  as  follows,
t =  e−r·dt ·  [fut+dt ·  (p)  +  fdt+dt ·  (1  − p)],  or
t =  e−r·dt · E(ft+dt).  (2.3)
In  the  case  of  the  American  derivative  type,  formula  is
ollowing,
t =  max{gt;  e−r·dt ·  [fut+dt ·  (p)  +  fdt+dt ·  (1  − p)]},  or
t =  max[gt;  e−r·dt · E(ft+dt)]  (2.4)
here  gt is  payoff  value.
Symbol p implies  the  risk-neutral  probability  of  up-
ovement  and

E(ft+dt)  is  the  risk-neutral  expected  value,

 = e
r·dt ·  St −  Sdt+dt
Sut+dt −  Sdt+dt
, (2.5)
This  probability  can  be  considered  neither  a  market
rowth  nor  a  subjective  probability.  Due  to  (2.3)  the  deriva-
ive  price  is  equal  to  the  present  value  of  risk-neutral
xpected  value  of  subsequent  period,  which  coincides  with
eneralised  martingale  principle,  see  (2.1).
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We  can  express  the  underlying  asset  price,  under  the  pro-
ortional  continuous  income  c,  due  to  Geometric  Brown’s
rocess  as  follows,
u
t+dt =  St ·  U;  Sdt+dt =  St · D,  where
U  =  e·
√
dt, D  =  e−·
√
dt,  (1  +  C)−1 =  e−c·
√
dt,  (2.6)
hen  after  substitution  to  (2.5)  and  after  re-arranging  we
et  particular  risk-neutral  probability  formula

 = ((1  +  R)/(1  +  C))  −  D
U  −  D .
his  formula  can  be  generalised  substituting
1  +  R)/(1  +  C)  =  G  as  follows p  =  (G  −  D)/(U  −  D).
There  exist  several  type  of  ﬁnancial  option.  One  of  them
s  ﬁnancial  (debt)  real  option  with  payoff  function,
 =  max(A  −  D;  0), (2.7)
here  A  is  asset  value,  D  is  debt  value.
The  option  to  expand  can  be  used  as  an  American  option,
hich  allowed  expanding  project  at  any  time  during  the
roject’s  life,  payoff  function  is  as  follows,
 =  max(A  ·  x  −  INVexp;  0),  (2.8)
here  x  is  the  scale  of  possibility,  INVexp is  investment
CAPEX)  of  expansion.
The  option  to  contract  can  be  used  like  American  option,
ith  following  payoff,
 =  max(INVcon −  A  ·  y;  0),  (2.9)
ere  INVcon deinvestment,  y  is  percentage  of  contraction.
Another  type  of  option  is  multiple  option  combining  sev-
ral  types  of  the  option.  If  we  combine  expansion  and
ontraction  options,  we  get  this  payoff  function,
 =  max(A  ·  x  −  INVexp;  INVcon −  A  ·  y;  0)  (2.10)
haracterisation of internet Baidu Inc.
ompany
ver  the  past  twenty  years,  the  internet  has  truly  trans-
ormed  China.  There  are  more  than  600  million  internet
sers  in  China,  which  indicate  almost  a  half  of  Chinese
re  living  with  internet.  In  this  huge  market,  Baidu  occu-
ies  more  than  75%  revenue  share  in  the  internet  search
arket,  and  30%  market  share  in  online  advertising  area
ntil  2013.  At  the  same  time,  it  has  approximately  753,000
ctive  online  marketing  customers.  Its  online  marketing  cus-
omers  not  only  be  individuals,  but  also  consist  of  small  and
edium  enterprises  (SMEs)  throughout  China,  large  domes-
ic  companies  and  Chinese  divisions  or  subsidiaries  of  large,
ultinational  companies.
Baidu  is  founded  in  2000,  at  beginning  it  was  an  internetts  service  from  simple  search  to  mobile  and  cloud,  loca-
ion  based  services,  consumer  products  and  international
perations.  Its  products  include  web  pages,  news,  images,
ultimedia  ﬁles,  music,  movies  and  it  is  also  the  ﬁrst  one  in
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China  to  offer  Wireless  Application  Protocol  and  personal
digital  assistant  based  mobile  search.  Web  search  is  the
main  business  of  the  company’s  online  productions,  which
may  deliver  the  most  useful  and  relevant  search.  And  based
on  this  successful  service,  Baidu  sell  advertising  and  get
proﬁt  efﬁciently.  Besides,  it  has  invested  in  other  entities,
for  example  computer  game  company.  Variety  products  suc-
cessfully  attracted  consumer’s  loyalty.  According  to  a  recent
survey  by  China  Internet  Network  Information  Centre,  there
are  470  million  active  search  internet  users  in  China  in  2013
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Fig.  3  Growth  of  prmon-size  analysis  of  assets.
nd  86%  of  them  identiﬁed  Baidu  as  their  favourite  internet
ervice  company.
In 2005,  Baidu  was  listed  in  NASDAQ  (NASDAQ:  BIDU)  as
he  largest  Chinese  company.  At  the  initial  public  day,  Baidu
pened  at  $66,  more  than  double  its  initial  public  offering
rice  $27,  the  highest  price  reached  to  $151.21  and  ended
t  $122.54,  which  went  up  by  354%.  Baidu  became  the  IPO
arket’s  biggest  splash  in  at  least  ﬁve  years.  In  2007,  Baidu
ecame  the  ﬁrst  Chinese  company  to  be  included  in  the
ASDAQ-100  index  (Figs.  1—3).
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nternet  companies  are  more  complex  to  evaluate  than  tra-
itional  companies.  Because  the  internet  industry  is  still  in
ast  development  period  around  the  world  and  the  growth
f  internet  companies  is  one  of  the  key  factors  in  valua-
ion.  There  is  too  much  uncertainty  in  internet  industry,  and
raditional  methods  are  unable  to  reﬂect  accurate  value  of
nterprise.  And  the  valuation  criteria  of  internet  companies,
uch  as  customer  effects,  time  effects,  innovation  effects
nd  brand  effects,  are  also  difﬁcult  to  measure.
By  mapping  out  both  uncertainties  and  decisions  over
ime,  real  options  methods  provide  an  appropriate  way  to
rack  value  creation  and  risk  proﬁle.  In  many  case,  real
ptions  is  used  only  if  the  ﬁrm  actually  executes  the  plan.
f  the  plan  proceeds  unsuccessful,  manager  has  the  right  to
ive  up  the  decision  and  avoid  loss.  But  if  the  plan  progress
oes  well,  manager  also  has  the  right  to  make  optimistic
ecisions.In  this  section,  we  discuss  value  of  Baidu  with  option
o  expand,  option  to  contract,  and  option  to  expand  or
ontract.  In  order  to  analyse  inﬂuence  of  different  expan-
ion  rate  and  contraction  rate,  we  apply  basic  scenario,
t
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Fig.  5  Scatter  diagram  of  index’s  rnment  bond  yield  curve.
ptimistic  scenario,  middle  scenario  and  pessimistic  sce-
ario  in  each  option.  For  valuation  Eqs.  (2.4)  and  (2.5)  are
pplied.  And  real  options  are  calculated  due  to  (2.8)  expand,
2.9)  contract  and  (2.10)  multiple.
nput  parameters
e  consider  and  estimate  following  input  valuation  param-
ters.  The  typical  risk  free  rate  is  long  term  government
ond.  And  we  adopted  interest  rate  of  China  10  years  gov-
rnment  bond  as  risk  free  rate  (Fig.  4).
We  focus  on  the  interest  rate  of  government  bond  dur-
ng  2013,  it  increased  to  4.6  percent  in  December  from  3.3
ercent  in  April.  And  because  investors  always  prefer  higher
nterest  rates  from  long  term  government  bonds,  we  decide
o  choose  4.6  percent  as  risk  free  rate,  Rf for  prediction.
Beta  parameter  is  a  kind  of  market  sensitivity,  and  it  is
lso  the  correlation  between  a  company’s  stock  return  and
arket’s  return.  We  use  common  regression  model  to  buildrend  line  between  return  of  index  and  return  of  Baidu  stock
o  estimate  beta  (Fig.  5).
We  choose  monthly  price  of  NASDAQ100  from  2009  to
013  as  our  observation  index,  and  adopt  monthly  stock
y = 1.2159x +  0.0301  
R² = 0.1303  
% 10.00% 15.00% 20.00%
 of BAIDU 
eturn  and  Baidu  stock’s  return.
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price  of  Baidu  from  the  same  time  period  as  independent
variable.  Fig.  5  illustrates  the  equation  y  =  1.2159x +  0.0301
explains  13.03%  of  changes  in  Baidu’s  stock  return  is
caused  by  NASDAQ100’s  return.  And  if  return  of  NASDAQ100
increases  by  one  percent,  then  return  of  Baidu  grows  up
approximately  by  1.21  percent.  So  we  deﬁned  ˇ  as  1.2.
Because  typical  betas  is  between  0  and  2,  Baidu’s  stock  is
riskier  than  typical  stock  but  also  has  higher  rewards.
Before  getting  assets  value,  we  need  to  calculate  Baidu’s
free  cash  ﬂow  as  passive  state  in  2013,  and  cost  of  capital.
If  perpetuity  is  assumed,  we  can  deﬁned  Baidu’s  asset  value
(A)  as  follows,  A  = FCF/WACC.
Free cash  ﬂow  can  be  deﬁned  as  the  cash  ﬂow  which
is  generated  after  investment  but  before  interest  payment.
Here  we  employed  free  cash  to  the  ﬁrm.  The  function  is  writ-
ten  as  follows,  FCFF  =  NOPAT  +  D&A  −  NWC  −  Capex. Here
FCFF  represents  free  cash  ﬂow  to  the  ﬁrm,  NOPAT  means  net
operating  proﬁt  after  tax,  D&A  is  depreciation  and  amor-
tisation,  NWC  is  the  change  of  net  working  capital  and
Capex  is  capital  expenditures.  In  ﬁscal  2013,  Baidu’s  operat-
ing  income  was  11,706  million  CNY  and  total  taxes  was  1756
million  CNY,  as  the  result,  its  NOPAT  can  be  counted  as  9950
million  CNY.  And  D&A  was  2652  million  CNY,  NWC  was  −914
million  CNY,  and  Capex  was  2800  million  CNY.  Consequently,
FCFF  should  be  10,716  million  CNY  in  2013.
We  apply  Capital  Asset  Pricing  Model  (CAPM  model)
to  estimate  weighted  average  cost  of  capital  WACC. The
weighted  average  cost  of  capital  is  determined  by  cost  of
debt  Rd,  cost  of  equity  E(Ri),  income  tax  rate  T,  target  level
of  debt  to  asset  D/A  and  target  level  of  equity  to  asset  E/A,
which  is  written  as  follows,
WACC  = E
A
· RE + D
A
· RD.
From  Baidu’s  annual  reports  and  China  tax  policy,  we  have
already  know  that  corporate  income  tax  rate  is  15%.  Next  we
will  discuss  estimation  of  other  components  of  WACC.
Market  approach  is  used  to  estimate  cost  of  debt,  which
includes  interest  expenses  in  relation  to  debt.  In  2003,  inter-
est  expenses  of  Baidu  were  447  million  CNY  and  total  debt
was  16,644  million  CNY.  Therefore,  we  estimate  cost  of  debt
as  2.69%.
The  cost  of  equity  has  three  components:  the  risk  free
rate,  the  risk  premium  and  risk  adjustment.  We  known  that
risk  free  rate  is  4.6%,  and  risk  adjustment  beta  is  1.2.  And
risk  premium  is  calculated  by  the  difference  between  the
market  expected  return  and  risk  free  rate.  Since  average
annual  ten  years  return  of  NASDAQ100  in  the  end  of  2014,
9.03%,  is  reported  as  market  return,  we  get  4.43%  as  risk
premium.  According  to  CAPM  model,  expected  rate  of  equity
return  equals  the  risk  free  rate  adds  risk  adjustment  beta
times  risk  premium,  which  is  written  as  follows,  E(Ri) =  Rf
+  ˇ[E(Rm)  −  Rf].  Here  E(Ri)  is  expected  return  of  security,  and
is  also  deﬁned  as  cost  of  capital;  E(Rm)  represents  market
expected  return.  As  a  consequence,  cost  of  equity  is  equal
to  9.92%.
Target  level  of  debt  to  asset  and  target  level  of  equity  to
asset  can  be  calculated  by  market  debt,  market  equity,  and
market  capital.  However,  market  value  of  debt  is  difﬁcult
to  estimate;  here  we  use  book  value  of  debt  in  the  calcula-
tion.  It  is  written  in  annual  report  that  total  debt  of  Baidu
S
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as  166,44  million  CNY  in  2013.  And  market  value  of  equity
s  also  called  market  capitalisation,  which  is  calculated  by
hare  outstanding  multiplying  stock  price.  At  December  31
013,  total  share  outstanding  of  Baidu  is  350  million,  and
he  closed  price  is  $177.88.  Consequently,  market  capi-
alisation  is  $62,258  million.  Consider  of  foreign  exchange
ate  between  USD  and  CNY,  we  adopt  the  exchange  rate  on
ecember  31  2013,  6.05.  Therefore  the  market  capitalisa-
ion  of  Baidu  is  376,824.25  million  CNY.  And  then  we  assume
arket  value  of  capital  is  calculated  as  the  sum  of  market
alue  of  equity  and  debt,  which  is  393,468.25  million  CNY.
o  target  level  of  equity  to  asset  is  95.77%,  and  weight  of
ebt  is  4.23%.  Finally,  we  can  get  WACC  based  on  the  func-
ion  (4.3),  and  the  result  is  9.59%.  And  the  asset  value  of  our
ase  is  111,741  million  CNY.
Importatnt  input  ﬁnancial  term  is  debt. The  nature
f  company’s  limited  liability  gives  shareholders  rights  to
ecide  residual  value  of  the  company.  Shareholders  can  get
he  rest  value  after  company’s  asset  covering  debt,  which  is
imilar  like  options.  Strike  price  is  stable  regardless  of  the
ype  of  option  and  maturity  time.  In  real  options  method,
ace  value  of  debt  is  strike  price.  Nevertheless,  Chinese  bond
arket  is  not  mature  and  complete,  we  decide  to  use  book
alue  of  debt  as  strike  price,  which  is  16,644  million  CNY.
We  can  consider  the  volatility  to  be  crucial  option
nput  parameter.  There  are  two  ways  to  estimate  volatility,
ne  is  backward  looking,  and  another  is  forward  looking.
alculation  of  backward  looking  volatility  depends  on  his-
orical  returns,  and  calculation  of  forward  looking  volatility
epends  on  present  value  of  options.  Here  we  employ  back-
ard  looking  method  with  historical  stock  price  of  Baidu
rom  January  1,  2008  to  December  31,  2013.
Based  on  historical  stock,  we  get  yearly  return  (loga-
ithm)  from  2009  to  2013  at  ﬁrst,  which  we  can  see  from
ig.  6. And  then  standard  deviation  of  yearly  return  is  com-
uted  as  49.15%.  Therefore  we  assume  that  the  volatility  of
aidu  is  49%.
Typically  speaking,  the  company  with  high  proﬁt  each
ear  has  more  potential  to  keep  high  investment.  In  order
o  get  growth  rate  of  future  investment,  we  suppose  that
t  equals  to  growth  rate  of  revenues.  Based  on  market
pproach,  we  ﬁnd  total  revenue  of  Chinese  search  engine
ompanies  from  2009  to  2013  at  ﬁrst.  And  then  calculate
hange  in  each  year,  with  the  weight  we  assumed,  we  can
et  the  change  of  relative  market  revenues  33.22%.  At  last
y  adding  growth  of  Chinese  GDP  7.67%,  we  get  the  ﬁnal
hange  of  relevant  market  40.89%.  As  a  result,  growth  of
evenue  45.24%  is  the  sum  of  changes  of  market  revenues
nd  changes  of  Baidu’s  market  share.  And  in  our  assumption,
he  growth  of  investment  x  is  also  45.24%.
Consider  the  previously  parameters  we  have  already  esti-
ated,  we  supposed  the  coefﬁcient  of  up  movements  u and
oefﬁcient  of  down  movements  d,  which  are  based  on  the
olatility,  are  1.74  and  0.56.  We  determine  the  risk  neutral
robability  of  up  movement  p  is  0.4  and  probability  of  down
ovement  q  is  0.6.cenarios  supposed  description
e  assume  that  according  to  economy  development  four
cenarios  are  possible:  basic,  middle,  optimistic  and
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Fig.  6  Yearly  return  of  Baidu’s  stock  from  2009  to  2013.
Table  1  Scenarios  alternatives  and  expansion  or  contraction  parameters.
2013  2014  2015  2016  2017  2018
Basic  scenario Expansion  rate  45%  45%  45%  45%  45%  45%
Contraction  rate  20%  20%  20%  20%  20%  20%
Middle scenario Expansion  rate 20% 30%  45%  30%  20%  10%
Contraction  rate 30% 20% 10% 20%  30%  45%
Optimistic scenario Expansion  rate  10%  20%  30%  35%  40%  45%
Contraction  rate  45%  40%  35%  30%  20%  10%
Pessimistic scenario Expansion  rate  45%  40%  35%  30%  20%  10%
Contraction  rate  10%  20%  30%  35%  40%  45%
p
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oessimistic  ones.  Under  them  contraction  and  expansion
oefﬁcients  are  estimated,  see  Table  1.
esults  and  discussionesults  showing  the  ﬂexibility  values  are  presented  in
ig.  7  and  Table  2.  Compared  to  simple  options,  multi-
le  options  have  higher  value  in  our  case,  and  it  is  not
he  aggregation  of  each  simple  option.  In  our  research,
o
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Fig.  7  Results  of  the  ﬂexible  investmentrice  of  each  scenario  in  multiple  options  is  lower  than
he  sum  prices  of  expand  option  and  contract  option.  When
easuring  price  of  multiple  options,  we  should  consider
bout  the  correlation  between  expand  option  and  contract
ption.
Both  table  and  ﬁgure  illustrate  that  in  the  multiple
ptions,  the  price  in  optimistic  scenario  presents  the  high-
st  level,  42,231  million  CNY,  and  the  price  in  pessimistic
cenario  is  the  lowest,  26,961  million  CNY.  In  the  option  to
xpand,  the  highest  price  34,792  million  CNY  is  located  in
 opon Mu lple op on
mis c scenario Pessimisc scenario
 in  different  scenarios  (million,  CNY).
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Table  2  Option  prices  in  different  scenarios  (million,  CNY).
Basic  scenario  Middle  scenario  Optimistic  scenario  Pessimistic  scenario
Contract  option  7850  10,521  10,521  12,149
Expand option  34,792  30,312  34,792  26,961
Multiple options  40,370  36,092  42,231  26,961
Table  3  Passive  and  ﬂexibility  asset  valuation  results  (million,  CNY).
Component  Total  value  Flexibility
Passive  value  70,986  0
Contract option Basic  scenario  78,836  7850
Middle scenario  81,507  10,521
Optimistic  scenario  81,507  10,521
Pessimistic  scenario  83,135  12,149
Expand option Basic  scenario  105,778  34,792
Middle scenario  101,298  30,312
Optimistic  scenario  105,778  34,792
Pessimistic  scenario  97,947  26,961
Multiple options
(expand  or  contract)
Basic  scenario  111,356  40,370
Middle scenario  107,078  36,092
Optimistic  scenario  113,217  42,231
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optimistic  scenario  and  basic  scenario  simultaneously,  and
the  lowest  one  is  in  pessimistic  scenario,  which  is  26,961
million  CNY.  And  in  the  option  to  contract,  price  in  pes-
simistic  scenario,  12,149  million  CNY,  is  the  highest  one,  and
the  price  in  basic  scenario  maintains  the  lowest  level,  7850
million  CNY.
From  the  results,  we  ﬁnd  that  future  development  trend
is  an  important  factor  in  real  options  method.  For  example,
the  option  to  expand  the  project  is  a  positive  right  to  enlarge
company’s  business  scale  and  get  more  proﬁt,  and  the  option
to  contract  the  project  can  be  seen  as  a  negative  right  to
cut  more  costs  and  scale  back  investment.  Therefore  price
of  expand  option  is  always  higher  than  the  price  of  contract
option.
This  conclusion  can  be  also  used  in  scenario  approach.
We  distinguish  each  scenario  by  different  expansion  rate
and  contraction  rate.  When  we  discuss  four  scenarios  in
expand  option,  it  is  interesting  to  discover  there  are  two
same  results  in  basic  scenario  and  optimistic  scenario.  In
our  assumption,  due  to  the  excellent  investment  environ-
ment,  the  company  keeps  a  stable  expansion  rate  45%  in
basic  scenario  and  an  increasing  expansion  rate  from  10%
to  45%  in  optimistic  scenario.  Both  of  these  two  scenar-
ios  demonstrate  the  same  positive  develop  trend  in  the
future,  and  they  have  the  same  expansion  rate  at  maturity
time  by  coincidence.  Therefore,  the  ﬁnal  option  values  are
same.
Meanwhile,  there  are  two  identical  results  in  the  option
to  contract,  and  one  is  from  middle  scenarios,  and  another
is  from  optimistic  scenario.  Since  2016,  options  in  these  two
scenarios  move  in  the  same  contraction  rate,  which  is  from
30%  to  10%.  It  indicates  that  after  2016,  the  company  will
a
t
e
o97,947  26,961
ontract  the  investment  in  the  same  trend  from  middle  sce-
ario  and  optimistic  scenario.  Consequently,  option  prices
f  these  scenarios  are  same.
Due  to  the  fact  that  the  passive  asset  value  of  Baidu  is
0,986  million  CNY  in  2013,  the  total  asset  values  of  Baidu  in
ifferent  ﬂexibilities  are  summarised  in  Table  3  and  Fig.  8.
As  is  exhibited  in  the  Table  3  and  Fig.  8, Baidu’s  total
sset  value  with  ﬂexibility  is  higher  than  the  account  passive
alue.  The  total  asset  value  with  the  option  to  contract  in
asic  scenario  is  78,836  million  CNY,  in  middle  scenario  and
assive  scenario  is  81,507  million  CNY  and  in  passive  sce-
ario  is  83,135  million  CNY.  The  total  asset  value  with  the
ption  to  expand  in  basic  scenario  and  optimistic  scenario
s  105,778  million  CNY,  in  middle  scenario  is  101,298  million
NY,  and  in  pessimistic  scenario  is  97,947  million  CNY.  And
he  total  asset  value  of  Baidu  with  the  option  to  expand  or
ontract  in  basic  scenario  is  111,356  million  CNY,  in  mid-
le  scenario  is107,078  million  CNY,  in  optimistic  scenario  is
13,217  million  CNY  and  in  pessimistic  scenario  is  97,947
illion  CNY.
By contrast,  the  highest  total  asset  value  is  with  multiple
ptions  in  optimistic  scenario,  11,317  million  CNY.  In  such
 situation,  Baidu  will  have  the  best  environment  and  inno-
ation  awareness  in  the  next  ﬁve  years.  And  the  company
an  simultaneously  continue  the  operation  with  no  changes,
xpand  or  contract  the  project.  The  lowest  asset  value
ith  ﬂexibility  is  with  contract  option  in  basic  scenario,
8,836  million  CNY.  In  this  situation,  future  expectations
re  negative  and  impossible  to  improve.  Hence,  expecta-
ions  regarding  long-term  performance  inﬂuence  not  only
arly  growth  investment,  but  also  total  asset  value  with  real
ptions.
72  J.  Guo,  Z.  Zmesˇkal
0
20000
40000
60000
80000
100000
120000
Contract opon Expa nd opon Mu lple opon
(exp and or  contrac t)
Passive
Basic scenario Mi ddle scenario Opmis c scenario Pessimisc scenario
assiv
C
T
a
d
o
i
v
ﬁ
ﬁ
d
ﬂ
C
T
A
T
w
o
n
g
b
o
R
A
B
B
B
C
C
C
C
C
C
C
D
D
D
D
G
J
L
MFig.  8  The  relationship  between  p
onclusion
he  paper  is  devoted  to  possibilities  of  real  option  method
pplication  in  valuation  internet  company,  Baidu  company  in
etail.  We  can  see  usefulness  of  the  methodology  because
f  big  volatility  and  uncertainty  and  ﬂexibility  of  internet
ndustry.  The  Cines  market  is  in  the  speciﬁc  big  grow  and
olatility  suitable  for  real  option  methodology  and  we  can
nd  the  ﬂexibility  value  which  is  not  negligible.  We  veri-
ed  that  application  method  described  is  very  fruitful  and
emanded  in  valuation  under  signiﬁcant  uncertainty  and
exibility.
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